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群落结构的微生物对 DOC 的利用。因此，本研究通过 DNA-SIP 技术，研究南海
环境梯度上异养细菌对溶解有机质（Dissolved Organic Matter，DOM）代谢特征
差异。此外，本研究还通过纯培养的方法研究了海洋异养细菌对 DOC 的代谢。 
本研究在南海现场以 13C有机底物培养微型生物群落，培养结束后收集菌体；
实验室内通过超速离心分离 13C-和 12C-DNA；通过 DNA 相对含量在 CsCl 密度
梯度中的变化趋势以及 DNA 的末端限制性片段长度多态性（Terminal-restriction 
fragment length polymorphism，T-RFLP）分析结果，挑选合适位置的 DNA 进行
高通量测序分析。结果表明，在南海 SEATS 站（海盆区：115.96 °N，17.99 °E）
和 D001 站（近岸：110.72 °N，18.97 °E）进行的只添加 13C 底物不添加营养盐的
培养实验中，Roseobacter 可以广泛的利用 D 型葡萄糖（D-Glucose，D-Glc）、L
型亮氨酸（L-Leucine，L-Leu）和 D 型葡萄糖胺（D-Glucosamine，D-GlcN），Vibrio
是利用 D-GlcN 的优势类群；而 SAR11 在对高浓度底物的竞争中不占优势。有
些类群只能在特定水层利用上述 DOM，例如，Marinomonas 在 SEATS 站 800 m
和 3000 m 水层中是 D-Gcl 的主要利用者，Vibrio 和 Alteromonas 在 D001 站 70 m
水层中是利用 D-Gcl 的优势类群；Bacteriovorax 在 SEATS 站 200 m 水层和 D001
站 70 m 水层 D-GlcN 培养样品中也存在大量的 13C-DNA，这可能是通过直接吸
收 D-GlcN 或捕食 Vibrio 产生的。在 13C-DNA 中也包括了部分 Cyanobacteria，
可能是 Cyanobacteria 通过直接利用上述底物，或者通过光合作用吸收代谢产物
13
CO2 合成的。Flavobacteria 和 Acidobacteria 也能不同程度利用上述 DOM。多
样性指数 ACE、Chao、Shannon 和 Simpson 表明，SEATS 站 13C 底物利用类群
的多样性低于不利用类群的多样性；D-Glc 利用类群的多样性明显高于 L-Leu 和












































Microbial Carbon Pump (MCP) is the invisible hand behind of marine vast 
carbon reservoir, while marine bacteria is one of the main driver of positive 
mechanism of MCP carbon reserve, so researching the interaction relationship 
between marine bacteria and Dissolved Organic Carbon (DOC) will improve our 
understanding of MCP carbon reserve mechanism. Studies have shown that marine 
bacterial DOC uptake potential is specific specific, resulting in that Recalcitrant DOC 
(RDOC) may also be species specific. So far, the relevant investigation was rarely 
performed in marine natural environments. Stable isotope probing (SIP) is a 
cultivation independent molecular biology technique, which can track the 
incorporation of substrates labeled with stable isotope into cell biomass in a complex 
environment. So, with DNA-SIP technique, we studied the species specific DOC 
uptake in environmental gradients of the South China Sea (SCS).  
In-situ incubation experiments of microbial communities with 
13
C organic 
substrates (D-Glucose, D-Glc; L-Leucine, L-Leu; D-Glucosamine, D-GlcN) were 
carried out in the SCS. Microbial communities were collected after incubation, and 




C-DNA was isolated by ultracentrifugation in the 
laboratory. Terminal-restriction fragment length polymorphism (TRFLP) and 454 
pyrosequencing analysis of 16S rRNA gene were done for the both ―light‖ and 
―heavy‖ DNA. The results indicated that at the SEATS site (115.96 °N，17.99 °E; 
open ocean site) and D001 site (110.72 °N，18.97 °E; coastal site), Roseobacter 
broadly utilized D-Glc、L-Leu and D-GlcN, Vibrio was the dominant species for 
D-GlcN incorporation, while SAR11 was not good at substrates uptake in our 
incubation systems. Moreover, species actively incorporated these DOC substrates 
were distinctly differnet in the different water depths. For example, D-Gcl was mainly 
incorporated by Marinomonas at 800 m and 3000 m of the SEATS site. Vibrio and 
Alteromonas were important decomposers of D-Glc at 70 m of the D001 site. Many 
Bacteriovorax were recovered from the DNA labeled by 
13
C-D-GlcN at 200 m of site 
















uptaking D-GlcN or preying on Vibrio cells. The 
13
C-labelling cyanobacterial DNA 
was also found. The possbile result was that Cyanobacteria incorporated 
13
C 
substrates or incorporated inorganic 
13
C produced from remineralization during the 
incubation. Flavobacteria and Acidobacteria also could utilize these 
13
C labeled 
substrates to some extent. Diversity index (ACE, Chao, Shannon and Simpson) 
showed that diversity of active species incorporating substrates was lower than other 
species, and that D-Glc uptaking species diversity were distinct higher than L-Leu and 
D-GlcN uptaking species diversity. However at D001 site, the diversity of D-Glc 
uptaking species was higher than other species, and there was no significant 
difference in the diversity of L-Leu uptaking species and D-GlcN uptaking species. 
Nonmetric multidimensional scaling (NMDS) analysis indicated that there were 
distinc diferences in baceterial community composition uptaking different substrates 
at the same layer water samples, and the differences increased with increasing depth. 
Furthermore, our results indicated that the species’ ability for competing the substrate 
was different in different water depths, suggesting that water mass and environmental 
traits, such as nutrient concenteations, may influence bacterial competing for carbon 
sources.  
In addition, we identified a novel marine heterotrophic bacteria (a noval genus) 
through the determination of physiological and biochemical characteristics such as 
morphology, bacteriochlorophyll, fatty acids, respiratory quinone, polar lipids, G+C 
content, utilization of carbonhydrate and activities of enzyme and phylogenetic 
analysis. The novel bacteria was named Euryhalocaulis Caribicus. Strain JL2009
T
 has 
the unique physiological characteristics of adapted to obtain DOC at oligotrophic 
environment. 
 
Key Words: Microbial Carbon Pump; Stable Isotope Probing; Bacterial community 



















贡献最大，占 70 %（丁一汇和耿全震，1998）。海洋占地球表面积的 71 %，在
全球碳循环中起着极其重要的作用，是地球上最大的碳库（谭娟 等，2009）。研












之间的相互作用关系，有助于提高对 MCP 储碳机制的了解。 
1.2 微型生物与碳循环 
1.2.1 已知的海洋储碳机制 
海洋吸收大气 CO2 的已知机制主要包括溶解度泵（Solubility Pump）、碳酸
盐泵（Carbonate pump）和生物泵（焦念志，2012）以及焦念志等在 2010 年提
出的 MCP。溶解度泵的储碳机制基于 CO2 在海水中的化学平衡以及物理输运，
例如，在低温高盐度条件下形成的高密度水，通过重力作用将海气交换所吸收的
CO2 输入到深海，进入千年尺度的碳循环（Raven and Falkowski, 1999）。碳酸盐



























果没有生物泵作用，大气 CO2 将比现在的含量高出 200 ppmv（1 ppmv=1 μL/L）
（Parekh et al., 2006）。BP 是近 30 年来，海洋碳储存研究的一个焦点（Eppley and 
Peterson, 1979; Ducklow et al., 2001）。海洋科学家对生物泵的研究付出了巨大的
努力，为认识海洋碳循环、海洋储碳、海洋在气候变化中的作用做出了巨大贡献。 
MCP 指的是将活性溶解有机碳（Labile Dissolved Organic Carbon，LDOC）
转化为惰性溶解有机碳（Recalcitrant Dissolved Organic Carbon，RDOC）的微型
生物生态过程，是焦念志等在 2010 年提出的概念性框架，用以解决微型生物在
RDOC 的产生以及相关碳储存中所扮演的角色，并提高我们对海洋碳循环和全球
气候变化的认识。微型生物不断的将相对惰性 DOC 转化成更加惰性的 RDOC，
并逐渐积累形成巨大的 RDOC 碳库，就像抽水泵把水从“低水位”（低浓度）的
LDOC 和半活性溶解有机碳（Semi-Labile Dissolved Organic Carbon，SLDOC）碳
库抽到“高水位”（高浓度）的 RDOC 碳库，故称之为“微型生物碳泵”（图 1-1）
























基于 DOC 的 MCP 重要性将增强（焦念志，2012）。MCP 由于其重要性，在被提
出的短时间内就得到广泛的重视。例如，国际海洋科学研究委员会（Scientific 
Committee on Oceanic Research，SCOR）设立了“海洋微型生物碳泵”科学工作
组 SCOR-WG134；MCP 被《Science》评论为“巨大碳库的幕后推手”（Stone, 2010）；
国际海洋湖沼与海洋科学促进会遴选 MCP 为“ASLO 前沿论题”。最近美国学者




图 1-1 海洋碳循环包含主要生物过程（Jiao et al., 2010） 
Fig. 1-1 Major biological processes involved in carbon cycling in the ocean 
（Jiao et al., 2010） 
 
1.2.2 微型生物与海洋储碳 
海洋微型生物作为将 LDOC/SLDOC 向 RDOC 转化的主要驱动者，一直以来
都受到了广泛的关注。海洋微型生物是一个生态学概念，指的是个体小于 20 μm













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
